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INPUT/OUTPUT APPARATUS AND REMOTE
CONTROL APPARATUS

TECHNICAL FIELD

The present ivention relates to an iput/output apparatus
and a remote control apparatus that are equipped with electric
apparatuses, such as household electrical appliances and air
conditioners.

BACKGROUND ART

Some air conditioners of the related art equip with a wire-
less remote controller capable of operating (operation, such
as driving or stopping) an indoor unit through the wired
remote controller mstead of a wired remote controller con-
nected through a communication line to an mndoor unit. In a
case where an indoor unit 1s operated using one of the two
types ol remote controllers and thereatter 1s operated from the
other remote controller, the most recent operation 1s selected
with a higher priority (see, for example, Patent Document 1).
[Patent Document 1] Japanese Unexamined Patent Applica-

tion Publication No. 10-115449

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

Since the above-mentioned wired remote controller of an
air conditioner of the related art 1s provided with only recep-
tion means for receiving an inirared signal from a wireless
remote controller, it 1s not possible to handle USB memories,
which have become popular, or the like. This point 1s solved
by providing an iput/output terminal, though. Among air
conditioners and household electrical appliances, there are
clectric apparatuses whose power-supply voltage 1s 200 V.
Therefore, for the purpose of preventing a user from being
clectrically shocked due to insulation breakdown of the
power-supply unit and preventing abnormal electrical current
from flowing into an external device through an input/output
terminal, 1t 1s necessary to have a predetermined required
structure so that a user does not touch a metal, such as a
terminal, or it 1s necessary to take measures, such as the
insulation of the power-supply unit being reinforced, result-
ing 1n the problem that the cost 1s increased. Furthermore, as
for structures whose connection portions such as a USB and
a 10BASE-T standard for LAN are defined, structural counter
measures cannot be taken in most case, which 1s a problem.

The present invention has been achieved to solve problems
such as those described above, and has an object to provide an
input/output apparatus and a remote control apparatus in
which electric shock can be prevented without reinforcing the
insulation of a power-supply unitand to whicha USB, aLAN,
and the like can be connected.

Means for Solving the Problems

An 1nput/output apparatus according to the present inven-
tion 1s an 1put/output apparatus that inputs and outputs a
signal to and from an electric apparatus, including: at least
one resonance circuit formed of a coil and a capacitor; power
receiving means in which electric power obtained from the
resonance circuit using electromagnetic induction 1s made to
be a power supply of the present apparatus; and communica-
tion means that transmits and receives a signal to and from the
clectric apparatus by using the resonance circuit. By receiv-
ing electric power from the electric apparatus 1n a non-contact
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state and by commumnicating with the electric apparatus 1n a
non-contact state, the input/output apparatus 1s nsulated
from a power supply of the electric apparatus.

Furthermore, a remote control apparatus according to the
present invention 1s a remote control apparatus that operates
clectric apparatuses through electric wiring and has an inter-
nal I’F unit which inputs and outputs a signal to and from the
present apparatus. The I/F unit includes input/output means
for transmitting and recerving a signal to and from the outside,
at least one resonance circuit formed of a coil and a capacitor,
power receiving means in which electric power obtained from
the resonance circuit using electromagnetic induction 1s made
to be a power supply of the present I/’F unit, and communica-
tion means for transmitting and receiving a signal to and from
the present apparatus by using the resonance circuit. By
receiving electric power from the present apparatus 1n a non-
contact state and by communicating with the present appara-
tus 1n a non-contact state, the I/F unit 1s insulated from a
power supply of the present apparatus.

Advantages

According to the present invention, since the input/output
apparatus includes a resonance circuit, power receiving
means 1n which electric power obtained from the resonance
circuit using electromagnetic induction 1s made to be a power
supply of the present, and communication means that trans-
mits and receives a signal to and from the electric apparatus
by using the resonance circuit, it becomes possible to insulate
the input/output apparatus from a power supply of the electric
apparatus, thereby removing the need to take measures to
reinforce insulation for the power supply. Furthermore, it 1s
possible to prevent a user from being electrically shocked due
to the msulation breakdown of the power supply of the elec-
tric apparatus, and 1n addition, since the input/output appara-
tus 1s insulated from the electric apparatus in the manner
described above, connection of a USB, a L AN, and the like 1s
made possible.

Furthermore, according to the present invention, since the
I/F unit provided 1n the remote controller main body 1ncludes
a resonance circuit, power receiving means for using electric
power obtained from the resonance circuit by using electro-
magnetic induction as the power supply of the present I/F
unit, and communication means for transmitting and receiv-
ing a signal to and from the present apparatus by using the
resonance circuit, 1t becomes possible to msulate the I/F unit
from the power supply of the remote control apparatus,
thereby removing the need to take measures to reinforce
insulation for the power supply. Furthermore, 1t 1s possible to
prevent the user from being electrically shocked due to 1nsu-
lation breakdown of the power supply of the remote control
apparatus, and 1n addition, the I/F unit 1s mnsulated from the
remote controller main body 1n the manner described above,
thereby enabling connection of a USB, a LAN, and the like.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating an example of the
configuration of an put/output apparatus according to
Embodiment 1 of the present invention.

FIG. 2 1s a block diagram when a UART 1s used for the
input unit and the output unit of the input/output apparatus 1n
Embodiment 1.

FIG. 3 1s a block diagram when a L AN 1s used for the input
unit and the output unit of the input/output apparatus in
Embodiment 1.
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FI1G. 4 1s a block diagram when a USB 1s used for the input
unit and the output unit of the mput/output apparatus in
Embodiment 1.

FIG. 5 15 a block diagram when a memory card I/F unit 1s
used for the mput unit and the output unit of the input/output
apparatus in Embodiment 1.

FIG. 6 1s a block diagram when a PIO 1s used for the input
unit and the output unit of the mput/output apparatus in
Embodiment 1.

FIG. 7 1s a block diagram 1llustrating an example of the
configuration of a remote control apparatus according to
Embodiment 2 of the present invention.

FIG. 8 1s a block diagram when a UART 1s used for an
input/output unit of the I/F unit in Embodiment 2.

FIG. 9 1s a block diagram when a LAN 1s used for the
input/output unit of the I'F unit in Embodiment 2.

FIG. 10 1s a block diagram when a USB 1s used for the
input/output unit of the I'/F unit in Embodiment 2.

FIG. 11 1s a block diagram when a memory card I/F unit 1s
used for the input/output unit of the I'F unit in Embodiment 2.

FIG. 12 1s a block diagram when a PIO i1s used for the
input/output unit of the I'F unit in Embodiment 2.

FIG. 13 1s a block diagram illustrating an example of the
configuration of a remote control apparatus according to
Embodiment 3 of the present invention.

FI1G. 14 1s a block diagram when a UART 1s used for the
input/output unit of the I'F unit in Embodiment 3.

FIG. 15 1s a block diagram when a L AN 1s used for the
input/output unit of the I/F unit in Embodiment 3.

FIG. 16 1s a block diagram when a USB 1s used for the
input/output unit of the I'F unit in Embodiment 3.

FI1G. 17 1s a block diagram when a memory card I/’F unit 1s
used for the input/output unit of the I'F unit in Embodiment 3.

FIG. 18 1s a block diagram when a PIO i1s used for the
input/output unit of the I'F unit in Embodiment 3.

FI1G. 19 1s a circuit diagram 1llustrating the configuration of
a power feeding circuit of an apparatus main body and a
power-supply circuit of an iput/output apparatus.

FI1G. 20 1s a circuit diagram 1llustrating the configuration of
cach of communication circuits of the apparatus main body
and the mput/output apparatus.

REFERENCE NUMERALS

1 apparatus main body, 11 power-supply circuit, 12 micro-
computer, 13 functional unit of apparatus main body, 14
communication circuit, 14a carrier oscillation umt, 145 logi-
cal product circuit, 14¢ amplification circuit, 144 detection
circuit, 14e comparator, 141 bufifer, 15 transmission and
reception unit, 16 power feeding circuit, 16a smoothing cir-
cuit, 165 1nverter, 17 feeding unait, 2 input/output apparatus,
21 1nput unit, 22 microcomputer, 23 output unit, 24 commu-
nication circuit, 24aq carrier oscillation unit, 245 logical prod-
uct circuit, 24¢ amplification circuit, 244 detection circuit,
24e comparator, 241 buifer, 25 transmission and reception
unit, 26 power-supply circuit, 26a diode, 265 smoothing cir-
cuit, 26¢ power source stabilizing circuit, 264 connector, 27
power recewving unit, 3 I'F unit, 31 input/output unit, 32
communication circuit, 33 transmission and reception unit, 4
remote controller main body, 41 power receiving circuit, 42
input unit, 43 microcomputer, 44 output unit, 45 transmission
and reception unit, 46 communication circuit.
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BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiment 1

FIG. 1 1s a block diagram illustrating an example of the
configuration of an mput/output apparatus according to
Embodiment 1 of the present invention.

In the figure, an electric apparatus (hereinafter referred to
as an “apparatus main body 1) of a household electrical
appliance, such as, for example, a rice cooker and an electro-
magnetic cooking device includes a power-supply circuit 11
connected to a commercial power supply, a microcomputer
12, a tunctional unit of the apparatus main body 13, a com-
munication circuit 14 having a transmission and reception
umt 15, a power feeding circuit 16 having a feeding unit 17,
and an 1nput/output apparatus 2. When a commercial power
supply 1s applied, the power-supply circuit 11 generates a
predetermined constant voltage to supply to the microcom-
puter 12, the functional unit of the apparatus main body 13,
the communication circuit 14, and the power feeding circuit
16 respectively. When the power supply 1s switched on, the
microcomputer 12 causes the power feeding circuit 16 to
operate so as to cause the feeding unit 17 to generate an AC
magnetic field, so that the mput/output apparatus 2 side 1s
made to receive an AC voltage. The functional unit of the
apparatus main body 13 1s a circuit unit for achieving various
functions included in the apparatus main body 1, and operates
under the control of the microcomputer 12.

The mput/output apparatus 2 includes an input unit 21
having various operation switches (not shown), a microcom-
puter 22, an output unit 23 having an LED and a liquid-crystal
display (not shown), a communication circuit 24 (communi-
cation means) having a transmission and reception unit 25
arranged so as to face the transmission and reception unit 15,
and a power-supply circuit 26 (power receiving means) hav-
ing a power receiving unit 27 arranged so as to face the
teeding unit 17. When an AC voltage 1s generated 1n the power
receiving unit 27 due to the induction of an AC magnetic field,
the power-supply circuit 26 generates a predetermined con-
stant voltage on the basis of the AC voltage, and supplies 1t to
the mput unit 21, the microcomputer 22, the output unit 23,
and the communication circuit 24.

Here, a description will be given below, with reference to
FIG. 19, of the configuration of the power feeding circuit 16
and the power-supply circuit 26. FIG. 19 15 a circuit diagram
illustrating the configuration of a power feeding circuit of an
apparatus main body and a power-supply circuit of an mput/
output apparatus.

In the figure, the power feeding circuit 16 of the apparatus
main body 1 has, at its output end, the feeding unit 17 of a
series resonance circuit in which a capacitor C2 and a co1l L1
are connected in series with each other, and includes a
smoothing circuit 16a formed of a smoothing capacitor C1
connected between the output ends of the power-supply cir-
cuit 11, and a full-bridge type inverter 165. In this inverter
166, switching elements Trl and Tr4 are turned on, and
switching elements Tr2 and Tr4 are turned oif under the
control of the microcomputer 12. Next, the switching ele-
ments Trl and Tr4 are turned on, the switching elements Tr2
and Tr4 are turned ofl, and this operation 1s repeatedly per-
formed at the period of the resonance frequency of the series
resonance circuit, and the AC electric current 1s supplied to
the feeding unit 17, causing the coil L1 of the feeding unit 17
to generate an AC magnetic field.

The power-supply circuit 26 of the mput/output apparatus
2 has, at 1ts input end, the power receiving unit 27 of a parallel
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resonance circuit in which a coil L2 and a capacitor C3 are
connected 1n parallel with each other, and mcludes a diode
26a for rectitying the AC voltage that 1s generated by the
induction of the AC magnetic field on the feeding unit 17 side
in the power recerving unit 27, a smoothing circuit 2656
formed of a capacitor C4 and a smoothing capacitor C3, a
power source stabilizing circuit 26¢ formed of a power-sup-
ply regulator IC, a capacitor C6, and a smoothing capacitor
C7, and a connector 264 provided at the output end of the
power source stabilizing circuit 26¢. The above-mentioned
smoothing circuit 265 smoothes the commercial frequency
components of the rectified voltage from the diode 26a by
using the capacitor C4 and the smoothing capacitor C5. The
power source stabilizing circuit 26c¢ stabilizes the output volt-
age of the smoothing circuit 265 by using a power-supply
regulator IC, and suppresses a voltage variation due to a
sudden load variation by the capacitor C6 and the smoothing
capacitor C7.

The coil L1 of the feeding unit 17 1s separated from the coil
[.2 of the power receiving unit 27 by a distance 1n the range of,
for example, several mm to several cm. The spacing 1s deter-
mined by the injection electric power of the power feeding
circuit 16, the electric power consumption on the input/output
apparatus 2 side, and adjustment of the configuration (for
example, the area of the coils L1 and L2) of the feeding unit
17 and the power receiving unit 27. For the coil L1 of the
teeding unit 17 and the coil L2 of the power recerving unit 27,
in general, an air-core coil, an air-core coil 1n which a mag-
netic material 1s arranged on a portion of the end surface
thereof or 1n which a conductor 1s wound around a ferrite
material, or the like 1s used. Furthermore, 1n addition to this,
a conductor circuit 1n the form of a flexible sheet, or a sheet-
like conductor circuit 1n which a similar sheet-like magnetic
material 1s arranged on one side thereol may be used.

Next, a description will be given, with reference to FI1G. 20,
of the configuration of communication circuits 14 and 24.
FIG. 20 1s a circuit diagram 1illustrating the configuration of
cach of communication circuits of an apparatus main body
and an input/output apparatus.

The communication circuit 14 of the apparatus main body
1 has the transmission and reception unit 15 of a parallel
resonance circuit in which a capacitor and a coil are con-
nected 1n parallel with each other, and includes a carrier
oscillation unit 14aq for oscillating a high-frequency signal, a
logical product circuit 145 for generating the logical product
of the high-frequency signal from the carrier oscillation unit
144 and data from the microcomputer 12 so as to be subjected
to amplitude-shitt keying (ASK), an amplification circuit 14¢
tor amplitying the output signal of the logical product circuit
145 to predetermined electric power so as to excite the trans-
mission and reception unit 15 and for causing a high-ire-
quency magnetic field to be generated from the coil of the
transmission and reception unit 15, a detection circuit 144 for
smoothing the high-frequency AC voltage generated 1n the
transmission and reception unit 15 by the induction of the
high-frequency magnetic field on the transmission and recep-
tion unit 25 side and removing high frequency components,
and a comparator 14e for comparing the signal from the
detection circuit 144 with a reference value and outputting the
result (binary value) to the microcomputer 12 through a butier
141.

Similarly to the above, the communication circuit 24 of the
input/output apparatus 2 has the transmission and reception
unit 25 of a parallel resonance circuit in which a capacitor and
a coll are connected 1n parallel to each other, and includes a
carrier oscillation unit 24a for oscillating a high-frequency
signal, a logical product circuit 245 for generating the logical
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product of the high-frequency signal from the carrier oscilla-
tion unit 24q and data from the microcomputer 22 so as to be
subjected to amplitude-shift keying (ASK), an amplification
circuit 24¢ for amplifying the output signal of the logical
product circuit 245 to predetermined electric power so as to
excite the transmission and reception unit 25 and causing a
high-frequency magnetic field to be generated from the coil of
the transmission and reception unit 25, a detection circuit 244
for smoothing the high-frequency AC voltage generated 1n
the transmission and reception unit 25 by the induction of the
high-frequency magnetic field on the transmission and recep-
tion unit 15 side and removing high frequency components,
and a comparator 24e for comparing the signal from the
detection circuit 244 with a reference value and outputting the
result (binary value) to the microcomputer 22 through a butier
241.

Similarly to the above, the coils of the commumication
circuits 14 and 24 are separated from each other by a distance
in the range of several mm to several cm, and the spacing 1s
determined by the transmission and reception level, adjust-
ment of the reception sensitivity for the signal and adjustment
of the configuration of each of the coils of the transmission
and reception umts 15 and 25. For the coil, in general, an
air-core coil, an air-core coil in which a magnetic matenal 1s
arranged on a portion of the end surface thereof or 1n which a
conductor 1s wound around a ferrite material, or the like 1s
used.

In the electric apparatus configured as described above,
when a commercial power supply 1s applied to the power-
supply circuit 11 of the apparatus main body 1, as described
above, the power-supply circuit 11 generates a predetermined
constant voltage, and supplies it to the microcomputer 12, the
functional unit of the apparatus main body 13, the communi-
cation circuit 14, and the power feeding circuit 16 mside the
apparatus main body 1. When the power supply 1s switched
on, the microcomputer 12 causes the power feeding circuit 16
to operate. That 1s, the inverter 165 of an power feeding circuit
16 1s driven, and an alternating electric current 1s supplied to
the feeding unit 17 so that the coil L1 1s made to generate an
AC magnetic field. When an AC voltage 1s generated 1n the
coil L2 of the power recerving unit 27 of the input/output
apparatus 2 by the induction of the AC magnetic field, the
power-supply circuit 26 of the mnput/output apparatus 2 rec-
tifies the AC voltage from the power receiving unit 27 so as to
smooth the AC voltage, makes the AC voltage be a predeter-
mined constant voltage, and supplies 1t to the mput unit 21,
the microcomputer 22, the output unit 23, and the communi-
cation circuit 24 1nside the mput/output apparatus 2, thereby
causing them to enter an operable state. At this time, the
output unit 23 turns on an LED (not shown) so as to indicate
that power 1s being applied.

When a signal based on a switch operation 1s output to the
microcomputer 22 from the mput unit 21 while power 1s
supplied to the mput/output apparatus 2, the microcomputer
22 outputs data based on the signal from the input unmit 21 to
the communication circuit 24 so as to be operated. At this
time, the communication circuit 24 generates the logical
product of the high-frequency signal of the carrier oscillation
unit 24q and the data from the microcomputer 22 so as to be
subjected to amplitude-shift keying, amplifies the result,
excites the transmission and reception unit 25, and causes a
high-frequency magnetic field to be generated from the trans-
mission and reception umt 25. When a high-frequency AC
voltage 1s generated in the transmission and reception unit 135
of the apparatus main body 1 by the induction of the high-
frequency magnetic field, the communication circuit 14 of the
apparatus main body 1 smoothes the high-frequency AC volt-
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age from the transmission and reception unit 15 so as to
remove high frequency components, extracts to binarize the
data from the mput unit 212, and outputs 1t to the microcoms-
puter 12 of the apparatus main body 1 through the buffer 141.

The microcomputer 12, when the data from the communi-
cation circuit 14 1s 1mput, controls the functional unit of the
apparatus main body 13 in accordance with the data. When a
signal indicating that the operating state has changed 1s sent
from the functional unit of the apparatus main body 13 under
this control, data based on the signal 1s output to the commu-
nication circuit 14 so as to be operated, and a high-frequency
magnetic field 1s generated from the transmission and recep-
tion unit 15 1n the same manner as described above. At this
time, the transmission and reception unit 25 of the input/
output apparatus 2 generates a high-frequency AC voltage by
way of the induction of the high-frequency magnetic field and
outputs the high-frequency AC voltage to the communication
circuit 24. The communication circuit 24 smoothes the high-
frequency AC voltage so as to remove high frequency com-
ponents, extracts to binarize the data, and outputs 1t to the
microcomputer 22 of the input/output apparatus 2 through the
buifer 241. The microcomputer 22 outputs the data from the
functional unit of the apparatus main body 13, that 1s, the
changed operating state, as a result of the operation of the
functional unmit of the apparatus main body 13 to the output
unit 23, causing the liquad-crystal display to perform display.

As described above, according to Embodiment 1, the trans-
mission and reception of data 1s performed by using the
transmission and reception units 15 and 235 of parallel reso-
nance circuits for the communication circuits 14 and 24 of the
apparatus main body 1 and the mput/output apparatus 2,
respectively. Furthermore, by using the feeding umt 17 of a
series resonance circuit for the power feeding circuit 16 of the
apparatus main body 1 and by using the power receiving unit
277 of a parallel resonance circuit for the power-supply circuit
26 of the input/output apparatus 2, electric power 1s supplied
from the power feeding circuit 16 to the power-supply circuit
26, thereby making it possible to msulate the input/output
apparatus 2 from the power supply of the apparatus main
body 1. For this reason, it 1s not necessary to take measures to
reinforce msulation with respect to the power supply, and 1t 1s
possible to prevent the user from being electrically shocked
due to mnsulation breakdown on the power-supply circuit 11
side of the apparatus main body 1.

Although Embodiment 1 describes, as an example, trans-
mission and reception of data in accordance with an ampli-
tude shift keying method to and from the commumnication
circuits 14 and 24 of the apparatus main body 1 and the
input/output apparatus 2, data may be transmitted and
received by using a baseband method, a phase shift keying
(PSK) method, a frequency shift keying (FSK) method, a
quadrature amplitude modulation (QAM) method, or the like.

Furthermore, although coils are used for power supply and
for communication use respectively, power 1s supplied inter-
mittently so that communication may be performed at an 1dle
time, or the power-supply frequency itself 1s modulated using
data so that the coi1l may be shared. Furthermore, although the
microcomputer 12 1s used for the apparatus main body 1, a
logic such as an FPGA (Field Programmable Gate Array), or
other control means may be used.

Furthermore, although, in Embodiment 1, the input/output
apparatus 2 including the input unit 21 and the output unit 23
1s used as an example, the input/output apparatus 2 including
a UART (Universal Asynchronous Recerver Transmitter) 28a
may be used, as shown 1n FIG. 2. This UART 1s a device that,
for example, converts a serial signal from an external device,
such as a personal computer (not shown), into a parallel signal
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and transfers the parallel signal to the microcomputer 22 and
that converts the parallel signal from the microcomputer 22

into a serial signal and transiers the serial signal to the exter-
nal device. Furthermore, as shown in FIG. 3, a LAN connec-
tion unit 285 that 1s connected a 10Base-T LAN may be used,
or as shown 1n FIG. 4, a USB (Universal Serial Bus) connec-
tion unit 28¢ may be provided so as to transmit and receive
data to and from an external device. Furthermore, as shown in
FIG. 5, amemory card I'F unit 284 may be used. In this case,
data 1s read from a memory card loaded into the memory card
I/F unit 284 and 1s transferred to the microcomputer 12 of the
apparatus main body 1, or data from the apparatus main body
1 1s recorded in the memory card. Furthermore, as shown 1n
FIG. 6, a P10 (Parallel input/output) 28¢ may be used so that
transmission and reception of data to and from an external
device can be performed. These units can be used because the
input/output apparatus 2 1s insulated from the power supply of
the apparatus main body 1, and can be provided in the input/
output apparatus 2 without taking any counter measures
structurally.

Embodiment 2

FIG. 7 1s a block diagram illustrating an example of the
configuration of a remote control apparatus according to
Embodiment 2 of the present invention. Components that are
the same as or that correspond to those of Embodiment 1
described with reference to FIG. 1 are designated with the
same reference numerals, and descriptions thereof are omit-
ted.

In the figure, the remote control apparatus (hereinafter
referred to as a “remote controller main body 4) includes a
power recerving circuit 41 that 1s connected through a power-
supply line to the power-supply circuit 11 of the apparatus
main body 1, which 1s, for example, an air conditioner, an
input unit 42 having various switches 42a, a microcomputer
43 connected to the functional unit of the apparatus main
body 13 of the apparatus main body 1 through a communica-
tion line, an output unit 44 having an LED and a liquid-crystal
display (not shown), a communication circuit 14 having a
transmission and reception unit 15, a power feeding circuit 16
having a feeding unit 17, and an I/F (interface) unit 3.

The power receiving circuit 41, when the voltage from the
power-supply circuit 11 of the apparatus main body 1 1s
applied, generates a predetermined constant voltage, and sup-
plies 1t to the mput unit 42, the microcomputer 43, the output
unit 44, the communication circuit 14, and the power feeding
circuit 16. The output unit 44, when power 1s applied, turns on
an LED, thereby displaying that the remote controller main
body 4 has been powered on. The microcomputer 43 will be
described 1n detail when the operation 1s described. The I/F
unit 3 includes the microcomputer 22, the communication
circuit 24 (communication means) having the transmission
and reception unit 25 arranged so as to face the transmission
and reception unit 15, the power-supply circuit 26 (power
receiving means ) having the power recerving unit 27 arranged
so as to face the feeding unit 17, and the mput/output unit 31
that transfers a signal from an external device (not shown),
such as a personal computer, to the microcomputer 22 and
transiers a signal from the microcomputer 22 to the external
device.

In the remote control apparatus configured as described
above, for example, when a signal based on an operation of
the switch 424 from the input unit 42 of the remote controller
main body 4 1s output to the microcomputer 43, the micro-
computer 43 controls the functional unit of the apparatus
main body 13 on the basis of the signal from the input unit 42.
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As aresult of this control, when a signal indicating the current
operating state 1s input from the functional unit of the appa-
ratus main body 13, the signal 1s read, and the current oper-
ating state caused by the functional unit of the apparatus main
body 13 1s displayed on the liquid-crystal display through the
output unit 44.

Next, a description will be given of an operation when the
operating state of the functional unit of the apparatus main
body 13 1s transierred from the mput/output unit 31 to the
external device on the basis of the operation of the remote
controller main body 4.

When the microcomputer 43 of the remote controller main
body 4 detects, through the input unit 42, an instruction of
transferring data indicating the operating state of the func-
tional unit of the apparatus main body 13 to the external
device, and then outputs a data reading instruction to the
functional unit of the apparatus main body 13 through a
communication line 1n accordance with the instruction. Then,
in response to the struction when necessary data 1s mput
through the communication line, the power feeding circuit 16
1s made to operate, causing the coil L1 of the feeding unit 17
to generate an AC magnetic field. When an AC voltage 1s
generated 1n the coil L2 of the power recerving unit 27 of the
I/F unit 3 by the induction of the AC magnetic field, the
power-supply circuit 26 of the I'F unit 3 generates a prede-
termined constant voltage on the basis of the AC voltage of
the power receiving unit 27, and supplies 1t to the microcom-
puter 22, the communication circuit 24, and the input/output
unit 31.

Furthermore, the microcomputer 43 of the remote control-
ler main body 4 causes the power feeding circuit 16 to oper-
ate, and thereafter outputs the data obtained from the func-
tional unit of the apparatus main body 13 to the
communication circuit 14 so that the high-frequency signal
(carrier signal) 1s amplitude-shiit keyed and a high-frequency
magnetic field 1s generated from the transmission and recep-
tion unit 15. When a high-frequency AC voltage 1s generated
in the transmission and reception unit 25 of the I/F unit 3 by
the induction of the high-frequency magnetic field, the com-
munication circuit 24 of the I'F unit 3 smoothes the high-
frequency AC voltage of the transmission and reception unit
235 s0 as to remove the high frequency components, extracts to
binarize the data of the functional unit of the apparatus main
body 13, and outputs to the microcomputer 22 of the I'F unit
3 through the buifer 141. The microcomputer 22 outputs the
data from the functional unit of the apparatus main body 13 to
the input/output unit 31 1n accordance with a predetermined
procedure, so that the data is transferred to an external device.

Next, a description will be given of operations when data 1s
input from the input/output unit 31 to the functional unit of the
apparatus main body 13 on the basis of the operation of the
remote controller main body 4. This operation assumes an
operation from the outside, a change of parameters for the
operation, or the like.

When the microcomputer 43 of the remote controller main
body 4 detects, through the input unit 42, an instruction of
transierring data from the external device to the functional
unit of the apparatus main body 13, the microcomputer 43
causes the power feeding circuit 16 to operate, so that an AC
magnetic field 1s generated 1n the coil L1 of the feeding unit
17. Next, a data recerving instruction 1s output to the commu-
nication circuit 14 1n accordance with an instruction from the
input unit 42 so as to operate, and a high-frequency magnetic
field 1s generated from the transmission and reception unit 15.

On the other hand, when an AC voltage 1s generated in the
coil L2 of the power receiving unit 27 by the induction of the
AC magnetic field from the feeding unit 17, the power-supply
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circuit 26 of the I'F unit 3 generates a predetermined constant
voltage on the basis of the AC voltage, supplies 1t to the
microcomputer 22, the communication circuit 24 and the
input/output unit 31. At this time, the communication circuit
24 smoothes the high-frequency AC voltage that 1s generated
in the transmission and reception umt 25 by of the induction
of the high-frequency magnetic field of the transmission and
reception unit 15 to remove the high frequency components,
extracts to binarize the data recerving instruction output from
the microcomputer 43 of the remote controller main body 4,
and outputs 1t to the microcomputer 22 through the buifer
141.

The microcomputer 22 of the I/F unit 3, when the data
receiving instruction 1s detected, reads the received data from
the input/output unit 31 in accordance with a predetermined
procedure, outputs the data to the communication circuit 24,
whereby the high-frequency signal 1s amplitude-shift keyed,
and causes a high-frequency magnetic field to be generated
from the transmission and reception unit 25. When a high-
frequency AC voltage 1s generated 1n the transmission and
reception umt 15 of the remote controller main body 4 by the
induction of the high-frequency magnetic field, the commu-
nication circuit 14 of the remote controller main body 4
smoothes the high-frequency AC voltage of the transmission
and reception unit 135 so as to remove high frequency com-
ponents, extracts to binarize the recerved data from the input/
output unit 31, and outputs it to the microcomputer 43 of the
remote controller main body 4 through the buffer 141. The
microcomputer 43 outputs the received data to the functional
unit of the apparatus main body 13, and the functional unit of
the apparatus main body 13 controls 1ts own state or changes
internal parameters on the basis of the received data.

As described above, according to Embodiment 2, since
transmission and reception of data 1s performed by using the
transmission and reception units 15 and 25 of parallel reso-
nance circuits are used for the communication circuits 14 and
24 of the remote controller main body 4 and the I/F unit 3,
respectively, and furthermore, since power 1s supplied from
the power feeding circuit 16 to the power-supply circuit 26 by
using the feeding unit 17 of a series resonance circuit for the
power feeding circuit 16 of the remote controller main body 4
and by using the power recerving unit 27 of a parallel reso-
nance circuit for the power-supply circuit 26 of the I/F unit 3,
it 1s possible to insulate the I/F unit 3 from the power supply
of the remote controller main body 4. Consequently, 1t 1s not
necessary to take measures to reinforce insulation with
respect to the power supply, and 1t 1s possible to suppress the
damage of the I'F unit 3 due to 1msulation breakdown on the
power recerving circuit 41 side of the remote controller main
body 4, and suppress the flow of abnormal electrical current
into the external device through the input/output unit 31.

In Embodiment 2, although the power feeding circuit 16 of
the remote controller main body 4 1s made to operate so as to
cause the I'F unit 3 to receive power when the data of the
functional unit of the apparatus main body 13 1s to be trans-
terred from the input/output unit 31 to the external device or
when the data received by the mput/output unit 31 1s to be
passed to the functional unit of the apparatus main body 13,
the supply of power to the I'F umt 3 may be performed
periodically or constantly, and the microcomputer 22 may be
made to access the mput/output unit 31 so as to make a
determination as to the presence or absence of data, and may
transmit and receive in accordance with the content of the
data.

Furthermore, although an example in which the communi-
cation circuits 14 and 24 of the remote controller main body
4 and the I/F unit 3 transmit and recerve data in accordance
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with an amplitude shift keying method has been described,
the transmission and reception of data may be performed by

using a baseband method, a phase shift keying (PSK) method,
a Trequency shift keying (FSK) method, a quadrature ampli-
tude modulation (QAM) method, or the like.

Furthermore, although a coil 1s used for feeding power and
for communication use respectively, power feeding may be
performed intermittently, communication may be performed
at an 1dle time, and the power-supply Irequency itself is
modulated using data, so that the coil 1s shared. Furthermore,
although the microcomputer 43 1s used for the remote con-
troller main body 4, a logic such as an FPGA (Field Program-
mable Gate Array), or other control means may be used.

Furthermore, in Embodiment 2, as shown in FIG. 8,
although the input/output unit 31 of the I/F unit 3 1s not
particularly specified, the transmission and reception of data
may be performed to and from, for example, an external
device, such as a personal computer (not shown), by using the
UART (Universal Asynchronous Receiver Transmitter) 28a
for the input/output unit 31. Furthermore, as shown in FI1G. 9,
the input/output unit 31 may be the LAN connection unit 2856
that 1s connected to a 10Base-T LLAN, or as shown 1n FIG. 10,
the USB (Universal Serial Bus) connection unit 28¢ may be
provided so as to communicate with an external device. Fur-
thermore, as shown 1n FIG. 11, the memory card I/F unit 284
may be used as the input/output unit 31, and as shown 1n FIG.
12, the PIO (Parallel input/output) 28¢ may be used so as to
communicate with an external device. These units can be used
because the I'F unit 3 1s msulated from the power supply of
the remote controller main body 4, and can be provided in the
I/F unit 3 without taking any structural measures.

Embodiment 3

Although 1n Embodiment 1, the transmission and reception
of data 1s performed by using the transmission and reception
units 15 and 25 of parallel resonance circuits 1n which a
capacitor and a coil are connected in parallel with each other,
in present Embodiment 3, the transmission and reception of
data 1s performed by using light. Hereinatiter, a description
will be given with reference to FIG. 13.

FIG. 13 1s a block diagram illustrating an example of the
configuration of a remote control apparatus according to
Embodiment 3 of the present invention.

Components that are the same as or that correspond to
those of Embodiment 2 described with reference to FIG. 7 are
designated with the same reference numerals, and descrip-
tions thereof are omitted.

In the figure, the communication circuit 32 (communica-
tion means) of the I/'F unit 3 and the communication circuit 46
of the remote controller main body 4 include, for example,
transmission and reception units 33 and 45 formed of a photo-
coupler. When data 1s to be transmitted, the transmission and
reception units 33 and 45 perform amplitude-shiit keying on
a high-frequency signal (carrier signal) 1n accordance with
the data, amplifies this data to predetermined electric power,
and converts 1t into light by using a light-emitting diode.
When data 1s to be recetved, light from a light-emitting diode
1s converted into a signal by using a phototransistor, this
signal 1s smoothed and the high frequency components are
removed, and data 1s extracted, binarized, and output to the
microcomputer 22 or 43.

Next, a description will be given of the operation of the
remote control apparatus according to Embodiment 3. Since
the operation based on the switch operation of the switch 424
of the mnput unit 42 of the remote controller main body 4 1s the
same as that of Embodiment 2, the description thereof 1s
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omitted. Furthermore, since the operation of supplying power
from the remote controller main body 4 to the I/F unit 3 when
the operating state of the functional unit of the apparatus main
body 13 1s transferred from the iput/output unit 31 to the
external device on the basis of the operation of the remote
controller main body 4, and the operation of supplying power
from the remote controller main body 4 to the I/’F unit 3 when
data 1s 1input from the mmput/output umt 31 to the functional
unit of the apparatus main body 13 on the basis of the opera-
tion of the remote controller main body 4 are the same as
those of Embodiment 2, descriptions thereof are omaitted.
The microcomputer 43 of the remote controller main body
4, when detecting an instruction of transierring data indicat-
ing the operating state of the functional unit of the apparatus
main body 13 to an external device through the input unit 42,
outputs a data reading instruction to the functional unit of the
apparatus main body 13 through a communication line 1n
accordance with the mnstruction, and when necessary data 1s
input through the communication line 1n response to the
instruction, the microcomputer 43 causes the power feeding
circuit 16 (power feeding means) to operate so as to cause the
power-supply circuit 26 (power recerving means) of the I/F
unit 3 to receive power. Then, the data obtained from the
functional unit of the apparatus main body 13 1s output to the
communication circuit 46, the high-frequency signal 1is
amplitude-shiit keyed, and light 1s emitted from the light-
emitting diode of the transmission and reception unit 45. On
the other hand, when the phototransistor of the transmission
and reception unit 33 of the I/F unit 3 converts the light into a
signal 1n accordance with the amount of received light, the
communication circuit 32 of the I'F unit 3 smoothes the signal
from the transmission and reception unit 33 so as to remove
the high frequency components, extracts to binarize the data
of the functional unit of the apparatus main body 13, and
outputs it to the microcomputer 22 of the I/F unit 3 through
the buffer. The microcomputer 22 outputs the data from the
functional unit of the apparatus main body 13 to the mput/
output unit 31 in accordance with a predetermined procedure,
whereby the data 1s transferred to the external device.
Furthermore, when the microcomputer 43 of the remote
controller main body 4 detects the instruction of transferring
the data from the external device to the functional unit of the
apparatus main body 13 through the input unit 42, the micro-
computer 43 causes the power feeding circuit 16 to operate so
as to cause the power-supply circuit 26 of the I/F unit 3 to
receive power. Next, the microcomputer 43 outputs the data
receiving instruction to the communication circuit 46 in
accordance with the instruction from the input unit 42 so as to
operate, and causes the transmission and reception unit 45 to
emit light. On the other hand, when the phototransistor of the
transmission and reception unit 33 of the I'F unit 3 converts
the light into a signal on the basis of the amount of received
light, the communication circuit 32 of the I/’F unit 3 smoothes
the signal from the transmission and reception unit 33 so as to
remove the high frequency components, extracts to binarize
the data receiving instruction output from the microcomputer
43 of the remote controller main body 4, and outputs 1t to the
microcomputer 22 of the I/'F unit 3 through the butler. When
the microcomputer 22 detects the data recerving instruction,
reads the received data from the mput/output unit 31 in accor-
dance with a predetermined procedure, outputs the data to the
communication circuit 32 so as to operate, and causes the
transmission and reception unit 33 to emit light. At this time,
the phototransistor of the transmission and reception unit 43
of the remote controller main body 4 converts the light into a
signal on the basis of the amount of recerved light, and the
communication circuit 46 of the remote controller main body
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4 smoothes the signal from the transmission and reception
unit 45, removes the high frequency components, extracts to
binarize the received data from the input/output unit 31, and

outputs 1t to the microcomputer 43 of the remote controller
main body 4 through the butfer.

The microcomputer 43 outputs the recerved data to the
functional unit of the apparatus main body 13, and the func-
tional unit of the apparatus main body 13 controls 1ts own
state or changes an internal parameter on the basis of the

received data.

As described above, according to Embodiment 3, the trans-
mission and reception of data 1s performed using the trans-
mission and reception units 45 and 33 formed of a photo-
coupler for the communication circuits 46 and 32 of the
remote controller main body 4 and the I/'F unit 3, respectively.
Furthermore, since power 1s supplied from the power feeding
circuit 16 to the power-supply circuit 26 using the feeding
unit 17 of a series resonance circuit for the power feeding
circuit 16 of the remote controller main body 4 and using the
power receiving unit 27 of a parallel resonance circuit for the
power-supply circuit 26 of the I/F unit 3, it becomes possible
to msulate the I/F unit 3 from the power supply of the remote
controller main body 4. Consequently, it 1s not necessary to
take measures to reinforce insulation with respect to the
power supply, and 1t 1s possible to suppress the damage of the
I/F unit 3 due to insulation breakdown of the power receiving
circuit 41 of the remote controller main body 4 and suppress
the flow of an abnormal electrical current into an external
device through the input/output unit 31.

In Embodiment 3, when the data of the functional unit of
the apparatus main body 13 1s to be transferred from the
input/output unit 31 to an external device or when the data
received by the input/output unit 31 1s passed to the functional
unit of the apparatus main body 13, the power feeding circuit
16 of the remote controller main body 4 1s operated so that the
I/F unit 3 1s made to receive power. Alternatively, the supply
of power to the I'F unit 3 may be performed periodically or
constantly, and the microcomputer 22 1s made to access the
input/output unit 31 so as to make a determination as to the
presence or absence of data, and transmission and reception 1s
performed 1n accordance with the content of the data.

Furthermore, although descriptions have been given by
taking examples 1n which the communication circuits 46 and
32 of the remote controller main body 4 and the I/F unit 3
transmit data in accordance with an amplitude shift keying
method, the transmission of data may be performed by using,
a baseband method, a phase shift keying (PSK) method, a
frequency shift keying (FSK) method, a quadrature amplitude
modulation (QAM) method, or the like. Furthermore,
although the microcomputer 43 1s used for the remote con-
troller main body 4, alogic, such as an FPGA (Field Program-
mable Gate Array), and other control means may be used.

Furthermore, although in Embodiment 3, the input/output
unit 31 of the I/F unit 3 1s not particularly specified, as shown
in FIG. 14, the UART 28a may be used for the input/output
unit 31 so that the transmission and reception of data 1s
performed to and from an external device. Furthermore, as
shown 1n FIG. 15, the LAN connection unit 285 that 1s con-
nected to a 10Base-T LAN may be used or as shown in FIG.
16, and the USB connection unit 28¢ may be provided so that
communication 1s performed with an external device. Fur-
thermore, as shown 1n FI1G. 17, the memory card I/F unit 284
may be used as the input/output unit 31, and as shown 1n FIG.
18, the PIO 28¢ may be used so that the transmission and
reception of data to and from an external device can be per-
formed. These units can be used because the I/'F unit 3 1s
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insulated from the power supply of the remote controller main
body 4, and can be provided 1n the I/F unit 3 without taking
any structural measures.

INDUSTRIAL APPLICABILITY

Application examples of the input/output apparatus of the
present mmvention include an operation display unit of a
household electrical appliance and an mput/output apparatus
of an FA (Factory Automation) apparatus, and application
examples of aremote control apparatus include a controller of
a building air conditioner.

The mvention claimed 1s:

1. A remote control apparatus that has an I/F unit in a
remote control body and 1s connected to an electric apparatus
connected to a commercial power supply, through a power-
supply line and a communication line,

wherein said remote control body includes a power supply

circuit having a coil at an output edge and a communi-
cation circuit having a coil at an output edge,

said I/F unit includes

power recerving means that has a resonance circuit formed

of a coil that 1s electromagnetically coupled with a coil
of said power supply circuit and a capacitor and that
converts an AC voltage generated in said resonance cir-
cuit by electromagnetic induction from the coil of said
power supply circuit to a predetermined constant volt-
age,

communication means that has a resonance circuit formed

of a coil that 1s electromagnetically coupled with a coil
of said communication circuit and a capacitor and gen-
crates a high-frequency magnetic field between the coil
of said communication circuit and said resonance circuit
to transmit and receive a signal, and

an mput/output unit that transmits and receives signals to

and from external devices,

wherein said mput/output unit 1s connected to said com-

munication means and said power receiving means, and
said communication means 1s connected to said power
receiving means, and

wherein during performance of communication between

said external devices connected to said input/output unit
and said electric apparatus based on a switch 1n opera-
tion of an 1nput unit, control means in said remote con-
trol body operates said power supply circuit so that said
power receiving means recerves an AC voltage gener-
ated 1n said resonance circuit to supply a predetermined
constant voltage from said power receiving means to
said commumnication means and said mput/output unit
and to transmit and recerve a signal between said com-
munication means and said communication circuit.

2. A remote control apparatus that has an I/F unit 1n a
remote control body and 1s connected to an electric apparatus,
connected to a commercial power supply, through a power-
supply line and a communication line,

wherein said remote control body includes a power supply

circuit having a coil at an output edge and a communi-
cation circuit having an optical wireless medium that
transmits and recerves a signal via light at an output
edge,

said I/F umit includes

power recerving means that has a resonance circuit formed

of a coil that 1s electromagnetically coupled with a coil
of said power supply circuit and a capacitor and converts
an AC voltage generated 1n said resonance circuit by
clectromagnetic induction from the coil of said power
supply circuit to a predetermined constant voltage,
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communication means that transmits and receives a signal
via light with the optical wireless medium of said com-
munication circuit, and
an input/output unit that transmits and receives a signal to
and from an external device, wherein said input/output 5
unit 1s connected to said communication means and said
power recerving means, and said communication means
1s connected to said power receiving means, and

wherein during performance of communication between
said external devices connected to said mput/output unit 10
and said electric apparatus based on a switch 1n opera-
tion of an input unit, control means 1n said remote con-
trol body operates said power supply circuit so that said
power recerving means receives an AC voltage gener-
ated 1n said resonance circuit to supply a predetermined 15
constant voltage from said power receiving means to
said commumnication means and said mput/output unit
and to transmit and recerve a signal between said com-
munication means and said communication circuit.

3. The remote control apparatus of claim 1, wherein said 20
input/output unit adopts a start-stop synchronous serial com-
munication unit.

4. The remote control apparatus of claim 1, wherein said
input/output unit 1s a LAN connection unit.

5. The remote control apparatus of claim 1, wherein said 25
input/output unit 1s a USB connection unit.

6. The remote control apparatus of claim 1, wherein said
input/output unit 1s a memory card I/F unat.

7. The remote control apparatus of claim 1, wherein said
input/output unit 1s a parallel input/output port. 30
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